A 30 period permanent magnet (SmCo5) undulator has been designed, built and tested. The period is 6.1 cm, overall length is 1.95 m, and the gap is variable from 2.7 cm to 6.0 cm. Magnetic measurements at the midplane with a 2.7 cm gap show that the field is sinusoidal with a peak value of .28 T. Construction details and magnetic measurements are presented along with the spectral distribution of radiation produced by 3.0 GeV 
INTRODUCTION
Undulator magnets(l) are of scientific interest because, when used in an electron storage ring, they generate quasi-monochromatic synchrotron radiation with higher brightness (flux into a small solid angle) than can be obtained using the ring bending magnets or wigglers. An undulator has an alternating periodic transverse field designed so that the maximum deflection of the electron is about y-1 = MOc2/E, which is also the natural opening angle for radiation emission. Ring bending magnets and wigglers produce much greater angular deflections and hence the intrinsic high brightness in the plane of the deflection is lost. Furthermore, because only a small deflection is wanted in an undulator a large number of periods is possible in a reasonable length. Interference effects in the radiation emitted at many co-linear source points result in enhancement of the radiation at certain wavelengths and suppression at others.
The Figure 1 . The cut-away view shows the orientation of the SmCo5 magnet blocks and their position within the keepers. The SmCo5 blocks were glued to the keepers with 3M structural adhesive 2214 Hi-Temp. The following procedure was used to attach the magnet blocks to the keepers: 1. The blocks were numbered and sorted into lots for each keeper using the sorting routine. 2. Each block was cleaned with acetone, its direction of magnetization determined with a magnetic "stud finder", adhesive applied and inserted into a block holding fixture. 3. The block was placed in its assigned place in the keeper, clamped, and the holding fixture removed. 4. With all the blocks, usually 36, clamped into a keeper, the adhesive was cured at 110°C for 90 min. 5. Adhesive backed vinyl tape (.007") was used to protect the blocks from dirt and iron chips. It was originally expected that the blocks could be hand-positioned. However, the strong magnetic forces, and resultant technician fatique, caused us to change to the above procedure. The keepers are pinned and bolted to the upper and lower backing plates. After this installation we begain to experience glue joint failures on the end of keepers when the field direction there was toward the midplane of the undulator. The end row of blocks would simply pop out. Failure was generally between the adhesive and the SmCo5 magnet bond. It is suspected that the end blocks failed because the adhesive there was essentially in a tensionpeel mode. Purposely only the back sides of the blocks were glued in case they had to be removed. The interior blocks would have some adhesive in shear because the glue was squeezed up the sides in the clamping operation. Each end edge of the keeper was free of adhesive. We solved this problem by pressing additional adhesive into the crevices between the blocks on each end of the keeper, reclamping and curing the adhesive. With the added adhesive the forces on the end blocks can be taken in shear. There have since been no failures.
The undulator gap is varied by moving the upper and lower backing plates in opposite directions. This is accomplished with 4 right hand and 4 left hand ball screws which are driven simultaneously by one stepping motor through an arrangement of gears and shafts. Electrical switches limit the travel. To protect the drive train in case of electrical switch failure, a slip clutch was installed on the output shaft of the motor gear box. Stepping motors are also used to drive the end block assemblies described above. Since the gap is varied, each end magnetic block drive has a shaft section that must change in length and have angular flexibility at its ends (similar to the drive shaft of a car). This was accomplished by two longitudinally flexible couplings. Field terminators (blocks of soft iron) are located at the ends of the undulator. Flexible soft iron cables connect the terminators at each end for flux continuity. The three stepping motors (one for the gap and one for each pair of rotatable end assemblies) are driven by a single chassis with provision for future computer control. Each motion is read by an encoder and a digital display of position is provided. The completed undulator is shown in Figure 2 . A total of 726 SmCo5 magnet blocks (each 1.5 x 1.5 x 2.5 cm3) are contained in the 20 keepers and 4 end assemblies. IV 
